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Falling rates of hospitalization and mortality from
abdominal aortic aneurysms in Australia
Paul E. Norman, MD,a Katrina Spilsbury, PhD,b and James B. Semmens, PhD,b Perth, Western Australia,
Australia
Background: Studies of the population trends for abdominal aortic aneurysms (AAAs) in the period 1970 to 2000 all
indicated that the incidence of AAAs was increasing. It is not known whether this increase has continued. We
hypothesized that the incidence of AAAs has begun to fall in Australia.
Methods: Age-standardized national trends in mortality from AAAs were estimated for the period 1999 to 2006, and
hospital separations (deaths or discharges) for AAAs were estimated for the period 1999 to 2008. Poisson regression
models were constructed to estimate the relative change over time.
Results:The age-standardized mortality rate from AAAs fell by an average of 6.0% (95% confidence interval [CI], 4.7-7.3)
per annum in men and 2.9% (95% CI, 1.0-4.7) in women. After adjusting for age, hospital separations for men decreased
by an average of 2.3% (95% CI, 1.4-2.7) per annum for nonruptured AAAs, and 5.9% (95% CI, 5.0-6.6) for ruptured
AAAs and for women decreased by an average of 2.2% (95% CI, 1.4-3.0) per annum for nonruptured AAAs, and 5.1%
(95% CI, 3.7-6.5) for ruptured AAAs. Ruptured, compared with nonruptured, AAAs were proportionally more common
in women compared with men. The age-specific trends in separations from hospital were all downward apart from
nonruptured AAAs in individuals aged 80 years and over.
Conclusions: The rates of separation from hospital and mortality for AAAs in Australia have fallen since 1999. This
suggests a true fall in incidence of AAAs. Although the reasons for this are unknown, it has implications for policy
decisions about screening. (J Vasc Surg 2011;53:274-7.)
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pRandomized controlled trials of screeningmen aged 65
to 74 years for abdominal aortic aneurysms (AAAs) have all
demonstrated that screening results in a significant reduc-
tion in the mortality from AAAs.1-4 As a result of these
trials, screening using various eligibility criteria is being
introduced in the United Kingdom, United States, and
parts of Europe. Despite the evidence in favor of screening,
debate continues with a number of unresolved issues. One
of the World Health Organization criteria for screening is
that the disease should be an important health problem.
This has never been questioned for AAAs. However, even
among older men, AAAs are only responsible for 1% to 2%
of all deaths.4 The trials report impressive relative risk
reduction for mortality from AAAs of at least 40%, but as
death from AAAs is rare, the absolute risk reduction is only
about 0.4%.1-4 Not all cost-benefit analyses have been
favorable.5 This is further complicated by the emerging role
of endovascular repair, which is safer (more early benefit)
but more expensive (less cost benefit).6 It is also unknown
whether the relatively high participation rate achieved in
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274he trials (65%-80%) can be replicated, particularly in lower
ocioeconomic catchments.7,8
The high prevalence of AAAs amongmen over 65 years
f age (5%-7%) contributed to the case in favor of screen-
ng. In a chronic condition such as AAA, incidence drives
revalence and, in the two decades prior to the trials, the
ncidence of AAAs appeared to be rising in most Western
ountries.9-11 However, it cannot be assumed that this
rend would continue. Indeed, when last reviewed in West-
rn Australia (just prior to the local trial of screening), there
as evidence that rates of mortality from AAAs were begin-
ing to fall.12 We hypothesized that the incidence of AAAs
as continued to fall in Australia and assessed this by
xamining recent national trends in mortality and hospital
eparations (deaths or discharges) for AAAs.
ETHODS
All data were obtained from the Australian Institute of
ealth and Welfare (AIHW), an independent agency re-
ponsible for reporting to the nation on the state of its
ealth and welfare.13 The single principal diagnosis codes
71.3 for ruptured AAAs and I71.4 for nonruptured AAAs
n the International Classification of Disease-10-Australian
odification (ICD-10-AM) were used. It was not possible
o identify whether open or endovascular repairs were
erformed. Mortality data were obtained from the General
ecord of Incidence of Mortality (GRIM) Books Version 9
2008).14 Separations (deaths or discharges from hospital)
ata were extracted from the AIHW National Hospital
orbidity Database, which is a summary compilation of
rincipal diagnoses for patient separations from all public
nd private hospitals.15
Df
b
i
i
f
s
t
b
o
F
t
a
t
a
F
t
(
t
7
d
JOURNAL OF VASCULAR SURGERY
Volume 53, Number 2 Norman et al 275Mortality data were available for the period 1999 to
2006, and separation data for the period 1999 to 2008 in
gender-specific 5-year age strata. Population estimates
by age, gender, and calendar years 1999 to 2008 were
obtained from the Australian Bureau of Statistics. Age-
standardized rates with 95% confidence intervals (CIs) were
calculated using the Australian 2001 population as weights.
Poisson regressionmodels were constructed to estimate the
relative change in incidence of hospital separations for
AAAs and their association with age, gender, and calendar
period. Analyses were performed in Stata (Version 11;
College Station, Tex).
RESULTS
The age standardized mortality rate from AAAs fell by
an average of 6.0% (95% CI, 4.7-7.3) per annum in men
and 2.9% (95% CI, 1.0-4.7) in women (Fig 1). After
adjusting for age, hospital separations for men decreased by
an average of 2.3% (95% CI, 1.4-2.7) per annum for
nonruptured AAAs and 5.9% (95% CI, 5.0-6.6) for rup-
tured AAAs, and for women decreased by an average of
2.2% (95% CI, 1.4-3.0) per annum for nonruptured AAAs
and 5.1% (95% CI, 3.7-6.5) for ruptured AAAs (Fig 2).
Ruptured AAAs compared with nonruptured AAAs
were proportionally more common in women compared to
men. After adjusting for age and year, the average rate of
separation for nonruptured AAAs was 5.2 (95% CIs, 5.0-
5.3) times higher than the rate for ruptured AAAs in men
but only 3.3 times higher (95% CIs, 3.1-3.5) for women.
The age-specific rates of hospital separations for non-
ruptured and ruptured AAAs for men are shown in Figs 3
and 4, respectively. The trends are all downward apart from
nonruptured AAAs in men aged 80 years and over. A
Fig 1. Age standardized mortality rates for abdominal aortic an-
eurysms (AAAs) in men (filled circles) and women (open circles):
95% confidence intervals are indicated by error bars, and the
Australian 2001 population was used as weights.similar pattern was seen for women (data not shown). eISCUSSION
This study has shown that there have been significant
alls in the rates of hospital separations and mortality for
oth nonruptured and ruptured AAAs in men and women
n Australia since 1999. This raises the possibility that the
ncidence of AAAs is falling.
It is possible that some of the fall in rates of separation
or nonruptured AAAs was a result of less intervention for
mall AAAs in response to the publication of the small AAA
rials in 2002.16,17 However, the falling rates were seen
efore, and were ongoing 5 years after, the publication
f these studies. It, therefore, seems unlikely that this
ig 2. Age standardized rates of hospital separation for nonrup-
ured abdominal aortic aneurysms (AAAs) in men (filled circles)
nd women (open circles); and ruptured AAAs in men (filled
riangles) and women (open triangles): 95% confidence intervals
re indicated by error bars.
ig 3. The age-specific rates of hospital separation for nonrup-
ured abdominal aortic aneurysms (AAAs) in men aged 50 to 54
filled circles), 55 to 59 (open circles), 60 to 64 (filled inverted
riangles), 65 to 69 (open triangles), 70 to 74 (filled squares), 75 to
9 (open squares), 80 to 84 (filled diamonds), and 85 (open
iamonds).xplains the trend. Given the high mortality rate from
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February 2011276 Norman et alruptured AAAs, the fall in overall mortality from AAAs is
probably due to the fall in ruptured AAAs. This decrease in
mortality cannot be attributed to a policy of screening for
AAAs. Although a large-scale randomized controlled trial
of screening for AAAs was undertaken in Western Australia
over the period 1996-1999 (n  12,203 attending for
screening),2 screening has not been introduced in Austra-
lia. Furthermore, if the decreasing trend was due to in-
creased rates of diagnosis and successful elective interven-
tion (with or without national screening), one would
expect the rates of hospital separation for nonruptured
AAAs to have risen. The combination of falls in both
nonruptured and ruptured AAAs suggest a fall in true
incidence.
If the true incidence of AAAs is falling, we can only
speculate as to the cause. The well-documented falls in
mortality from coronary heart disease have been largely
attributed to improved primary prevention—particularly
smoking cessation.18,19 Given the dominance of smoking
as a risk factor for AAAs,20 it seems likely that a fall in the
prevalence of smoking would eventually result in a fall in
the incidence of AAAs. Smoking rates in Australia have
declined steadily over the last 50 years, particularly in
men.21 The prevalence of adult smoking fell from 35% in
1980 to 23% in 2001 and, for those over 60 years of age, it
was only 10% in 2001.22 The use of statins is likely to have
increased substantially over the study period. Although the
influence of statins on aneurysmal expansion remains to be
established, their increased usage may have influenced
trends in AAAs.23 Given that diabetes is associated with a
reduced risk of AAAs, it is possible that the increasing
prevalence of diabetes also contributed to the fall in rates
for AAAs.24,25
The age-specific rates for separations for AAAs all de-
Fig 4. The age-specific rates of hospital separation for ruptured
abdominal aortic aneurysms (AAAs) in men aged 50 to 54 (filled
circles), 55 to 59 (open circles), 60 to 64 (filled inverted triangles),
65 to 69 (open triangles), 70 to 74 (filled squares), 75 to 79 (open
squares), 80 to 84 (filled diamonds), and 85 (open diamonds).creased except those for nonruptured AAAs in both men Wnd women aged 80 years and over. This could represent a
ohort effect with this age group being the last one to have
ot embraced smoking cessation although one would ex-
ect a similar pattern for ruptured AAAs if this were the
ase. Themore likely explanation is a gradual increase in the
ate of intervention in this age group due to the availability
f endovascular repair.
Although AAAs are more common in men, the pattern
f trends and outcomes was less favorable in women. On
verage, the rate of separation for intact AAAs was about
ve times greater in men, yet the overall mortality was only
hree times greater inmen compared with women. This was
robably because women were proportionally more likely
o present with rupture than men. This observation is
onsistent with other studies.26-28 In addition, the magni-
ude of decline in rate of mortality in men was about twice
hat seen in women. The cause for this is unknown but is
onsistent with differential trends seen in the United King-
om and further highlights the need for greater awareness
f AAAs in women.28
This study has a number of limitations. The adminis-
rative datasets were a summary compilation of separations
ased on the principal diagnosis and have not been fully
alidated for completeness or clinical accuracy. The data
id not distinguish between possible multiple admissions
or the same patient with the same principal diagnosis
ithin any 1 year. Inter-hospital transfers of the same
atient may have been counted as two separations for the
ame diagnosis. A small proportion (4.6%) of private hos-
ital separations was not included for 2000-2001 data, but
s these were mainly restricted to small private hospitals and
ay-patient facilities, it would not include many AAAs. As it
as not possible to link procedure codes with diagnosis
odes, there is the potential that some hospital separations
ere not for a procedure for AAA (ie, the primary diagnosis
as nonruptured AAA, but no operation took place). Pre-
ious validation of similar data in Western Australia suggest
his is uncommon.2 It was not possible to reliably distin-
uish open from endovascular repair. Taken together, these
imitations may have influenced the estimated rates in a
mall way, but they are unlikely to have caused systemic bias
r affected the overall trends observed here.
Regardless of the cause of the trends seen in this
tudy, the frequency of the main outcome by which the
linical utility of screening for AAAs is measured (mor-
ality from AAAs) is becoming less common. This has
mplications for policy decisions about screening. Should
he trend continue, it is possible that the prevalence of
AAs will fall below the threshold needed to make
creening effective, let alone cost-effective. Recent
rends should probably be examined and monitored in
ny region where screening is being considered or has
een introduced.
The authors are grateful for assistance from the Popu-
ationHealth Unit of the Australian Institute of Health and
elfare.
11
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
JOURNAL OF VASCULAR SURGERY
Volume 53, Number 2 Norman et al 277AUTHOR CONTRIBUTIONS
Conception and design: PN, KS
Analysis and interpretation: PN, KS, JS
Data collection: PN, KS
Writing the article: PN, KS, JS
Critical revision of the article: PN, KS, JS
Final approval of the article: PN, KS, JS
Statistical analysis: KS
Obtained funding: PN
Overall responsibility: PN
REFERENCES
1. Multicentre Aneurysm Screening Study Participants. The Multicentre
Aneurysm Screening Study into the effect of abdominal aortic aneurysm
screening on the mortality in men: a randomised controlled trial. Lancet
2002;360:1531-9.
2. Norman PE, Jamrozik K, Lawrence-Brown MM, Le M, Spencer CA,
Tuohy R, et al. Population-based randomised controlled trial on impact
of screening on mortality from abdominal aortic aneurysm. BMJ 2004;
329:1259-62 [PubMed].
3. Lindholt JS, Juul S, Fasting H, Hennebegr EW. Screening for abdom-
inal aortic aneurysm: single centre randomised controlled trial. BMJ
2005;330:750-4.
4. Thompson SG, Ashton HA, Gao L, Scott RAP, on behalf of the
Multicentre Aneurysm Screening Study Group. Screening men for
abdominal aortic aneurysm: 10-year mortality and cost effectiveness
results from the randomised Multicentre Aneurysm Screening Study.
BMJ 2009;338:b2307.
5. Ehlers L, Overvad K, Sørensen J, Christensen S, Bech M, Kjølby M.
Analysis of cost effectiveness of screening Danish men aged 65 for
abdominal aortic aneurysm. BMJ 2009;338:b2243 [PubMed].
6. Michaels JA, Drury D, Thomas SM. Cost-effectiveness of endovascular
abdominal aortic aneurysm repair. Br J Surg 2005;92:960-7 [PubMed].
7. Collaborative Aneurysm Screening Group. A comparative study of the
prevalence of abdominal aortic aneurysms in the United Kingdom,
Denmark and Australia. J Med Screen 2001;8:46-50.
8. Badger SA, O’Donnell ME, Sharif MA, Boyd CS, Hannon RJ, Lau LL,
et al. Risk factors for abdominal aortic aneurysm and the influence of
social deprivation. Angiology 2008;59:559-66.
9. Reitsma JB, Pleumeekers HJCM, Hoes AW, Kleijnen J, de Groot RM,
Jacobs MJHM, et al. Increasing incidence of aneurysms of the abdom-
inal aorta in The Netherlands. Eur J Vasc Endovasc Surg 1996;12:
446-51 [PubMed].
10. Best VA, Price JF, Fowkes FGR. Persistent increase in the incidence of
abdominal aortic aneurysm in Scotland, 1981-2000. Br J Surg 2003;
90:1510-5 [PubMed].
11. Filipovic M, Goldacre MJ, Roberts SE, Yeates D, Duncan ME, Cook-
Mozaffari P. Trends in mortality and hospital admission rates for
abdominal aortic aneurysm in England and Wales. Br J Surg 2005;92:
968-75 [PubMed]. S2. Semmens JB, Norman PE, Lawrence-Brown MMD, Bass AJ, Holman
CDJ. The incidence of abdominal aortic aneurysm repair in Western
Australia for 1985-94: a population-based record linkage study. Br J
Surg 1998;87:191-4.
3. Australian Institute of Health andWelfare. Canberra 2006. Available at:
http://www.aihw.gov.au/index.cfm Accessed: February 2, 2010.
4. Australian Institute of Health and Welfare. General record of incidence
of mortality books. Available at: http://www.aihw.gov.au/mortality/
data/grim_books.cfm Accessed: February 2, 2010.
5. Australian Institute of Health and Welfare. Principal diagnosis data
cubes. Available at: http://www.aihw.gov.au/hospitals/datacubes/
datacube_pdx.cfm Accessed: February 2, 2010.
6. The United Kingdom Small Aneurysm Trial Participants. Long-term
outcomes of immediate repair compared with surveillance of small
abdominal aortic aneurysms. N Eng J Med 2002;346:1445-52.
7. Lederle FA, Wison SE, Johnson GR, Reinke DB, Litooy FN, Acher
CW, et al. Immediate repair compared with surveillance of small ab-
dominal aortic aneurysms. N Engl J Med 2002;346:1437-44.
8. Jemal A,Ward E, Hao Y, ThunM. Trends in the leading causes of death
in the United States, 1970-2002. JAMA 2005;294:1255-9 [PubMed].
9. Unal B, Critchley J, Capewell S.Modelling the decline in coronary heart
disease deaths in England and Wales, 1981-2000: comparing contribu-
tions from primary and secondary prevention. BMJ 2005;331:614-7
[PubMed].
0. Lederle FA,NelsonDB, Smokers JAM. Relative risk for aortic aneurysm
compared with other smoking-related diseases: a systematic review.
J Vasc Surg 2003;38:329-34.
1. Winstanley M, Woodward S, Walker N. Tobacco in Australia: facts and
issues. Melbourne: Victorian Smoking and Health Program, Australia
(Quit Victoria); 1995.
2. White V, Hill D, Siahpush M, Bobevski I. How has the prevalence of
cigarette smoking changed among Australian adults? Trends in smoking
prevalence between 1980 and 2001. Tob Control 2003;12:ii67-74.
3. Ferguson CD, Clancy P, Bourke B, Walker PJ, Dear A, Buckenham T,
et al. Association of statin prescription with small abdominal aortic
aneurysm progression. Am Heart J 2010;159:307-13 [PubMed].
4. Norman PE, Davis TME, Le M, Golledge J. Matrix biology of abdom-
inal aortic aneurysms in diabetes: mechanisms underlying the negative
association. Connect Tiss Res 2007;48:125-31.
5. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of
diabetes. Estimates for the year 2000 and projections for 2030. Diabe-
tes Care 2004;27:1047-53 [PubMed].
6. Dimick JB, Stanley JC, Axelrod DA, Kazmers A, Henke PK, Jacobs LA,
et al. Variation in death rate after abdominal aortic aneursymectomy in
the United States. Ann Surg 2002;235:579-85 [PubMed].
7. Dueck AD, Johnston KW, Alter D, Laupacis A, Kucey DS. Predictors of
repair and effect of gender on treatment of ruptured abdominal aortic
aneurysm. J Vasc Surg 2004;39:784-7 [PubMed].
8. Norman PE, Powell JT. Abdominal aortic aneurysm: the prognosis in
women is worse than in men. Circulation 2007;115:2865-9
[PubMed].ubmitted May 24, 2010; accepted Aug 29, 2010.
